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1.0 Introduction

The LSS Systems Planning and Performance Program involved the development, integration and

operation of the Control-Structures Interaction/Controls, Astrophysics, and Structures Experiment

in Space (CSI/CASES) Advanced Development Facility; enhancement and operation of the Active

Control of Systems (ACES) Ground Test Facility and participation in the CSI Guest Investigator

Program. Accomplishments included the overall systems engineering responsibility associated

with laboratory development, including specification, fabrication, testing, integration, and

operation of the laboratory systems consisting of the test articles, sensors, actuators, RTCS, data

acquisition systems, optics, power and electronics, Logicon Control Dynamics supported the day

to day maintenance and operation of the facility, including both control and dynamic testing as well

as simulation, structural modeling, control methodology design and implementation, and facility

computer software.

This report addresses the ACES facility, CSI/CASES facility and the Guest Investigator program

on the ACES facility. The accomplishments made in several areas for each facility are discussed,

the current status of each facility is detailed, and recommendations for future work are prescribed.

Included in this report is Appendix A that lists all documents, drawings, blueprints, manuals,

schematics, reports, papers, publications and other information that have been provided over the

course of the contract. These items are located in the LSS Control Room in Building 4619.

gT0.0793.Fll.
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2.0 ACES Facility

This section discusses the activities involving the ACES facility. This includes Guest

Investigator Testing, structure maintenance, and documentation. Also listed are

recommendations for facility upgrades.
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3.0 CSI/CASES Facility

An extensive amount of work has been performed relating to the CSI/CASES facility.

The structure has been assembled, complete with sensors and actuators and a disturbance

system. The computer system, and its corresponding software, has been developed and

integrated with the hardware. A simulation tool and finite element model have been developed

and tested. Documents have been written which discuss each component, as well as overview

documents and users manuals. The next several sections break out in more detail the work

performed relating to the CSI/CASES facility.



3.1 FacilityOverview

This sectiondescribesthe actualCSI/CASESfacility and its objectives. Thereare

breakdownsof sensorand actuatorlocations as well as pictures of the hardware. Also
providedarerecommendationsfor futurehardwareupgrades.
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3.2 Disturbance System

This section discusses the work performed on the CSI/CASES disturbance system,

along with a description of the disturbance system.
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3.3 Signal Processing & Electronics

The first topic discussed in this section is the Mux/Demux system for the CSI/CASES

facility, its development, and current status. The second topic is the debug system developed

for the facility. This system is extremely useful for locating the source of problems involved

with the electronics. The third topic is the power system for the facility. Many components of

this system are located on the MPESS. Its components are described and progress listed. The

final topic in this section is facility signal processing. Flow charts are provided to show signal

flow paths for the sensors and actuators. Tests were performed on the system and the results

are provided along with recommendations for future work.
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3.4 Sensors & Actuators

This section discusses all the sensors and actuators located on the CSIICASES facility:

the disturbance system, the AMEDs, the BLTs, the BMTffDS, and other associated sensors.

Each sensor and actuator is depicted and the respective location on the facility explained.

Sensor and actuator characteristics are also provided. Recommended upgrades are listed at the

end of the section.
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3.5 Computer System

This section discusses the development of various components of the CSI/CASES

computer system. These components include: the BMT data acquisition computer, the real-

time control computer, the safety monitor system, the auto-cutoff system, and the video

monitor system. The capabilities of each of the above is described along with their progress.

Recommendations are listed on how the computer system could be upgraded in the future.
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3.6 CSI Model/Simulation

This section discusses the Treetops simulation developed to use in modeling the

CSI/CASES facility and provides results generated using a preliminary finite element model.

The remainder of the section discusses the development and tuning of the actual NASTRAN

finite element model. Results (frequencies and mass properties) are provided from the final

model along with modeshape comparisons with the actual modal test results. Recommended

upgrades and additions to the model and simulation are listed at the end of the section.
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4,0 CSI/CASES Testing

This last section discusses the testing performed on several of the components to verify

their capabilities. The results from these tests are provided. The systems tested include the

disturbance system, the thrusters, the AMEDs, and system closed loop testing.

Recommendations are included for each system.
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Appendix A. Control Room Documentation

ACES Documents in File Cabinet

SUBJECT:
ACES/SSC Lab General

General Info: Facility Blueprints, Scale Factors, Blueprints
Operator's Manual
ACES Final Report (6/88) & ACES Interim Presentation (4/87)
Guest Investigator Program Phase I (Apr 91)
Guest Investigator Overview
ACES System Documentation

AUTHOR:

(LCD)
(LCD)
(LaRC)
(BDM)
(ECD)

ACES General: Papers & Technical Memos (TMs)
Report: Definition of Ground Test for LSS Control Verification (11/84)

(ECD)
Definition of Ground Test for LSS Control Verification (11/84) TM-86495

(MSFC/LCD)

MSFC Ground Exp't for LSS Control Verification (12/84) NASA TM-86496
(MSFC/LCD)

Ground Test Experiment for LSS (11/86) NASA TM-86489 (LCD/MSFC)
NASA-VCOSS Dynamic Test Facility (2/85) NASA TM-86491 (MSFC/LCD)
Active Control of LSS: An Intro & Overview (2/85) NASA TM-86491

(LCD/MSFC)

Ground Facility for LSS Dynamics & Control Verification NASA TM-86558
(MSFC)

LSS Testing (2/87) AAS 87-036 (MSFC/LCD)
LSS Testing (6/87) NASA TM-100306 (MSFC/LCD)
Schemes for Improving ... Freq-Domain Models of LSS AAS-87-453

(ECD/Ohio U)
ACES Program: Lessons Learned (6/87) ACC Paper (LCD/MSFC)
An Application of High Authority/Low Authority & Positivity (6/88)

(LCD/MSFC)
Presentation: Control Design for ACES (5/92) (Ohio U)

Sensors

Optical Sensor (TRW):
Test Plan (VCOSS) (1/86) & Mechanical Blueprints (10/86) (TRW)

Report (Sections): Optical Pos'n Sensor, Linear Actuators, Electronics, Mirrors
fTRW)

Final Report: 3/84-3/86 (LMEDs & Optical System) (TRW)

Optical Sensor Testing Report (LCD)
IMC Laser/Mirror: Mirror Drawings, 4-quadrant detector info (MSFC)

IMC analog servo electronics & schematics (MSFC)
Manuals: Laser Power Supply, Pointing Gimbal Power Supply
Laser Safety Guide & Guide for Selection of Laser Eye Protection

(ETA)
ATM Gyros: Overview, ATM Gyro Processor System Description Report

(MSFC/LCD)
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Base Gyro Transfer Functions (11/90)
KARS: Overview, Tip Gyro transformations

US Army RPV ARA Interface Definition (4/79)
Kearfott Attitude Reference System Manual (2/80)

LaMOD User's Manual (7/91)
Base Accelerometers Overview (Digital)
Tip Accelerometer Info

Tip Mounting Plate Drawing

(MSFC)
(LCD/Kearfott)
(Kearfot0
(Lockheed)

(LCD)

(MSFC/LCD)
(PCB)

Actuators

AGS: Overview, Electronics Schematics (1/83) (MSFC)

Thrusters Report (7/87) (Aerojet)
LMEDs:

Electronics Schematics, Mechanical Blueprints, Test Report, Motor Specs
(TRW)

LIMED Accelerometer Calibration Sheet (Sunstrand)
(TRW) Memo (11/85) & Test Plan (1/86) (TRW)
Characterization & Hardware Modification of LMEDs (2/87) (LCD)
Characterization & Hardware Modification of LMEDs (2/87) NASA TM-86594

(LCD/MSFC)

Distributed Control using LMEDs (10/87) NASA TM-100308
(MSFC/LCD)

Computer
AP500 Information

ACES Software Description: HP Basic, COSMEC, AP descriptions & listings, etc...
(LO3)

Dell Computer (DAS Panel - Analog Devices)
Anti-Aliasing Filter Report (7/90)
COSMEC: (3/82)

Electronics Schematics, Software Listing
Hardware/Software: Original System (Software Listing)
Hardware Math for 6502: Original System (7/85) NASA

Wavetek Software

(LCD)

(MSFC)
(MSFC)
TM-86517

(MSFC)

Test Article

Antenna/Arms Blueprints (2/85)
BET X-Y Table Blueprints (9/83)
BET Analysis Informal Report
Roll Tip Motor Design

(6/84)

(MSFC)
(MSFC)
(LCD)
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Lab Information

Power Supply Manuals: Lambda, Topward, Sorenson
Video Monitor System Manuals: Panasonic TV, VCR, Quad System, Camera
Lab Supply Manuals (DMM, Scope, Solder Station, etc .... )

CASES Documents in File Cabinet

System Information
General Info

CASES GTF AAS-92-024
Scale Factors

CASES System Test Plan
GTF Scale drawings
CSI/CASES System Documentation
CSI/CASES Operator's Manual
VMS User's Manual

(LCD)
(MSFC/LCD)
(LCD)
(LCD)
(LCD)
(LCD)
 CD)
(LCD)

Facility Information
GTF Platform Design Blueprints (5/88)

CASES Lift Crane Document (3/90)

Air Panel Blueprints
MPESS Access platform materials & Blueprints (10/91)

(Williams-Russel
&Johnson)
(Valley
Steel/MSFC)
(TBE/MSFC)
(Sverdrup/MSFC)

Test Articles

SAFE/CASES Boom:

SAFE Experiment Blueprints (Lockheed)
SAFE/Dynamic Augmentation Experiment (87) NASA TP-2690

(MSFC)
SAFE Final Report (4/86) (Lockheed)
Re-verification Test Report for the SAFE Mast Assembly (3/83) (Able)
CASES Boom Report: Final ... SAFE Mast Mod for CASES Pgm (2/90)

(Able)

Tip Plate: Experimental & Analytical Studies (6/90) (U of Alabama)
CASES Tip Plate Assy: Prelim Designs & Fabrication Procedures (12/89)

(U of Alabama)
MPESS Blueprints (Campbell)
AMED Blueprints (MSFC)
Tip Plate/PMS Blueprints (MSFC)

Actuators
AMEDs:

Inland Motor User's Manual, Operating Instructions for Motor Controller
finland)

AMED Motor Speed Board & AMED Testing Report (LCD)
AMED Test Results (integrated with facility) (LCD)

BLT Development & Test Report (2/90) (Boeing)
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BLT Test Results (integrated with facility) (LCD)

Disturbance System

Disturbance System for CASES CDR Report (7/88)
Rotary Table Blueprints
Linear Motion System Guide
Model 6 Shaker Manual

Tripod Finite Element Model Report (12/89)
Ring Finite Element Model Report (10/89)
Flowmeter Manual & Calibration Sheets

Pressure Transducer & String Pot Specification Sheets
Force Transducer Manual

Optic Probe User's Manual

Air Gap Capacitance Meter Report (& Testing) (1/92)
Air Bearing Manual & Testing Report (12/89)
Ring Epoxy Pour Plan (2/89)

(LCD)
(Troyke)
(Thomson)
(Unholz-Dickie)
(LCD)
(LED)
(Sponsler)
(Celecso)
(PCB)
(fED)
(LED)
(fED)
(LED)

Sensors

Conex Gyros:
Kearfott Gyro Test Results (6/87)
MSFC Gyro Test Results (9/91)
Gyro Preamp Report (1/92)

CONEX Gyro Manual + correspondence
BMT/TDS:
PCB Accelerometers: Manual & Calibration sheets & Power Unit Manual

(PCB)
General Guide to ICP Instrumentation (PCB)

TRW Optical Sensor (Also see ACES Sensors):

VCOSS Technical Memo & VCOSS-II MSFC Test Plan (1/86) (TRW)
TRW Optical System Testing (1/92) (LED)

(Kearfott)
(MSFC)
(LED)
(Kearfott)

Signal Processing/Computer
Signal Processing Document
Differential/Single Ended Converter/Amplifier Report (1/92
Anti-Aliasing Filter Report (1/92)
Mux/Demux Report (5/92)
Debug Electronics Report

Auto-Cutoff/Sync Generator Report (10/92)
Safety Monitor System Report & Software (1/92)
Control Computer Report & Software

RTCC User's Manual (Part of CSI/CASES operator's manual)
lOS Overview Presentation Viewgraphs

fLED)
fLED)
(LED)
fLED)
(LED)
(fCD/MSFC)
(LCD)
(LED)
(LED)
(AP Labs)

123



CASES Sensors

BMT/TDS: Paper, Final Design Review Viewgraphs, Proposal (Ball)
BMT overlap analysis (LCD)
Structural Control Sensors for CASES AAS-90-044

(BalI/lVlSFC)

Operation & Maintenance Manual (BMT & TDS) (Ball)
Technical Documentation for TDS & BMT Report (Ball)
Blueprints & Electronic Schematics (Ball)
BMT FIFO test software (LCD)

BMT FIFO Report (HW/SW & Schematics) (LCD)

CASES Testing/Model/Simulation
CASES Ring Modal Survey Test Report (8/89)
Ring Finite Element Model Report (10/89)

Tripod Finite Element Model Report (12/89)
MPESS Modal Test Report (5/90)
Tip Plate Modal Test Data (11/91)
CASES Expt Modal Test Report (1/92)
CSI/CASES Finite Element Model Report

CSI/CASES Simulation Report
System Verification Test Results
System Characterization Test Results

ACES Model/Simulation & Modal Testing
Modal Tests of the LSS Ground Verif Test Facility

Modal Tests of the VCOSS-II Test Configuration
Modal Tests of ACES

Modal Survey Test Report for ACES
ACES Tip Structure Modeshapes
Modal Survey Testing of LSS Antenna, CWs & Mirror
ACES Simulation code

ACES Simulation Informal Report (8/84)
Evaluationa of Cruciform Model (6/86)

Emulating a Flexible Space Structure: Modeling (2/88)

ACES Simulation User's Manual

ACES Finite Element Model Report (4/87)

Guest Investigator
CSI Phase I GI Program: 2nd Year Mid-Year Review
CSI Phase I GI Review: Year End Review (1/90)

CSI Phase I GI Program: Final Review (4/91)

(10/84)
(10/85)
(9/86)
(6/90)

(7/90)

(MSFC)
(LCD)
(LCD)
(MSFC)
(MSFC)
(MSFC)
(LCD)
(LCD)
(LCD)

(LCD)

(MSFC)
(MSFC)
(MSFC)

(MSFC)
(5/90) (MSFC)
(5/90) (MSFC)

(LCD)
(LCD)
(LCD)

(NASA TM-100320)
(LCD/MSFC)
(LCD)

(LCD)
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Bldg 4619 Blueprints

List of papers & publications

Assorted Papers

Extra Copies
BLT Report (Boeing) 2/90
ACES Final Report (LCD) 6/88
ACES Modal Test Report (MSFC) 86
ACES Modal Test Report (MSFC) 6/90
Antenna/Counterweight/Mirror Modal Test Report (MSFC) 5/90

CASES Flight Experiment Phase A Study (11/88)
TDS/BMT Technical Proposal (Ball) 6/90

Contract Status Reviews 91
Contract Status Review 92

(LCD)
(LCD)

CASES Flight Experiment
Pinhole/Occulter Facility Pre-Mission Defn Study: Payload Concept Trade Studies

(1/86) (TBE)
CASES Preliminary Definition Study (11/88) (MSFC)
Structural Control Sensors for CASES (2/90) AAS 90-044 (Ball/MSFC)

Other Deliverables in Control Room

ACES Model & Simulation (386)
CSI/CASES Model (Nastran Input Files)
CSI/CASES Simulation (TREETOPS input files)

Test Results (Floppy & Cartridge Tape) in Control Room
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References in Control Room

Documentation Desk
X Windows
IOS Manuals AP Labs
Sun Manuals

Sky Warrior Manuals
Data Translation Manual

Qualstar Ministreamer

Bookshelves

Analogic Manuals (AP 500)
Borland C++
Borland Turbo C & Turbo Assembler
Central Point PC Tools

Crosstalk Disk Optimizer 4.0
Dell 310 MS DOS Manuals
Dell MS DOS User's Guide

Design CAD 3-D
EXP Scientific Word Processor

Gateway 2000 User's Guide MS DOS 5.0
Graftool

HP 3562A Manual
HP 5423 Manual
HP Manuals

HP Manuals HP 9000 System (HP Basic OS)
Lahey Fortran
Logitech Mouse
Mathematica
Matlab for Sun Workstation

MatrixX & System Build
Metrabyte Data Acquisition & Control
Microsoft C Compiler Manuals
Microsoft Excel
Microsoft Fortran
Microsoft Windows
MSC PAL & MOD User's Manuals
Norton Utilities
PC NFS Manuals

Printer Manuals
Simulab User's Guide

Solution Systems Brief
Word Perfect

Boxes on Bookshelves: 386 Related Unix Software &

Manuals

Documentation in Computer Storage Cabinet: Sun OS Reference Manuals
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Documentation in Wood Desk:

By Gateway 2000 (SMS):

By ACES Dell:

By HI:' 9000:
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HP Manuals HP 9000 System (Unix OS)

Data Acquisition National Instrument
Quinn Curtis Real-Time Graphics

Matlab Manuals
IBM DOS 3.0

HP BASIC Reference Manuals (2)



NASA
1. Report No.

Final

4. Title and Sublime

Report Documentation Page
2. Government Accession No. 3. Recipient's Catalog No.

5. Report Date

7.

9.

LSS Systems Planning and
Performance Program

Author(s)

Victoria Jones McKenna

Michael J. Dendy
Charles B. Naumann

Performing OrganizalJon Name and Address

Logicon Control Dynamics, Inc.
600 Boulevard South, Suite 304
Huntsville, AL 35802

Sally A. Rice
John M. Weathers

12. Sponsoring Agency Name and Adckess

National Aeronautics and Space Administration
George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812
ATTN: Teresa Foley, AP25

July 14, 1993

6. Performing Organization Code

8. Performing Organization Report No.

10. Work Unit No.

11. Contact or Grant No.

NAS8-36670

13. Type of Report and Period Covered

Final Report

November 2, 1987 - August 15, 1993
14. Sponsoring Agency Code

NASA/MSFC - ED12

15. Supplementary Notes

16. Abstract

This report describes the Marshall Space Right Center's Large Space Structures Ground Test Facilities located in

building 4619. Major topics include the Active Control Evaluation of Systems (ACES) Laboratory, the
Control-Structures Interaction/Controls, Astrophysics, and Structures Experiment In Space (CSI/CASES),

Advanced Development Facility and the ACES Guest Investigator Program.

17. Key Words (Suggested by Author(s))

1. Active Control Evaluation of Systems (ACES)

2. Control, Astrophysics and Structures Experiment
in Space (CASES)

3. Controls/Structures Interaction (CSI)

19. Security Classif. (of this report)

Unclassified

20. Security Classif. (of this page)

Unclassified

18. DistdbulJon Statement

2i. No. of pages

128

22. P_


